technical difficulties with double in situ stainings, we have not succeeded yet in ascertaining this point.
Pdu-en and Pdu-wnt1 Expression Patterns during Larval Development
Platynereis develops through a typical trochophore larval stage [21] . The trochophore rapidly metamorphoses and exhibits a head and three trunk segments that form almost simultaneously. In contrast with postlarval segment formation, no coelomic cavities form, and the first morphological manifestations of segment formation are the appearance of three sets of internal chaetal sacs that appear simultaneously from 24 hr postfertilization (p.f.) and will later evaginate to form the parapodia (Supplemental Data). Additional signs of morphological segmentation appear progressively from 48 hr p.f. In partic- segmental boundaries. These specific expression patterns are strikingly similar to those found in arthropods Based on morphological landmarks (i.e., segmental grooves), our results suggest that Pdu-en and Pdu-wnt1 and, therefore, are highly suggestive that engrailed and wingless are involved in the segment formation in Platyneare expressed in adjacent domains on either side of the segmental boundary and play a role in the formation reis. During larval segment formation, Pdu-en is segmentally expressed before any sign of morphological segand maintenance of this boundary. According to our observations, Pdu-en and Pdu-wnt1 are most likely exmentation, while Pdu-wnt1 expression appears later, but before segment epidermal differentiation. However, pressed in directly neighboring cells. However, due to it must be stressed that postlarval segmentation mechaAre These Arthropod-like Expression Patterns of engrailed and wingless in Platynereis nism by sequential addition of new segments from a posterior growth zone is highly conserved in annelids Due to Evolutionary Convergence? There are two ways to interpret the similarities of enand is certainly ancestral. In contrast, larval segmentation displays tremendous morphological diversity and grailed and wingless expression patterns in Platynereis and arthropods. Either these similarities are due to the relies on derived cellular mechanisms that result from an acceleration of normal development [21] .
recruitment of these two genes in segment formation independently in arthropods and Platynereis, or these specific expression patterns were already established in the common ancestor of arthropods and Platynereis (i.e., the common ancestor of all protostomes) and have been conserved in both groups. The engrailed expression pattern has been described in a few other annelid species. In all of them, engrailed is only expressed in subsets of specific precursor cell types that are themselves distributed in a segmentally iterated pattern, notably in the nerve cord or chaetoblasts, and thus does not play a general role in segment formation [12] [13] [14] [15] . This argues for an independent recruitment of engrailed in segment formation in arthropods and Platynereis. However, it should be noted that species for which data are available, two clitellates and a chaetopterid [12] [13] [14] , are highly derived with respect to segment formation, so it would be possible that in these species, engrailed has lost an ancestral segmentation function. A similar loss of segmentation function scenario has been demonstrated for some key arthropod segmentation genes, for instance, even-skipped, which is not involved in segmentation in some insects [11] . As evolutionary relationships among the distantly related annelid families are poorly resolved, it is not currently possible to determine when segmentation function of engrailed has been gained or lost during annelid evolution.
Based on their role in parasegmental boundary formation in Drosophila, it has been proposed that engrailed and wingless have been recruited for similar function in various developmental systems [22] . However, these genes have been very rarely reported as being directly involved in morphological boundary formation other than segments. A well-known example of recruitment of engrailed and wingless is for the formation of the midbrain-hindbrain boundary in the vertebrate nervous system [23] . However, engrailed is expressed on both sides of the vertebrate midbrain-hindbrain boundary, so the spatial relationships of engrailed and wingless are not the same as in Drosophila. Gene expression similarities reported in this study concern comparable morphological structures (segments). So, if these similarities were indeed due to independent recruitments of en- Our evolutionary scenario of ancestral metamery in protostomes implies that extended segmentation has been secondarily lost or reduced during evolution of various protostome phyla. Such a scenario would explain why many seriated organs or structures are still seen in organisms that belong to nonmetameric phyla such as molluscs. Indeed, this scenario is consistent with the segmental expression of engrailed in stripes in a chiton [24] and with the recent description of a fully segmented fossil mollusc [25] . Our results suggesting ancestral segmentation in protostomes are in agreement with the hypothesis of ancestral segmentation in Bilateria that so far has only been supported by data from a limited number of taxa [3, 4, 6] and certainly requires the comparative analysis of mesodermal segmentation between chordates and annelids [26] . 
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